target set at reducing incidence to less than 1 in 10,000 cases by 2020. While 
115
The present study includes both practical and theoretical pieces of work, which contain rel-116 evant information about difference between time zones and difference between regions. It 117 highlights three critical aspects in the study of VL. First, the spatial and temporal trans-118 mission risks characterized by the rate of transmission and the basic reproductive number.
119
Second aspect of central importance is the asymptomatic prevalence, which has been under 120 studied in the literature. Finally, the under reporting level which, still represents one of the 121 biggest challenges for policy determination and subsequent plans for VL elimination. 122 
Materials and Methods

123
To estimate the true incidence of the reservoir, namely the asymptomatic population and 124 unreported symptomatic cases, we used a very simple mathematical model to describe the 125 transmission dynamics of VL in the human population. Because our goal is to estimate (1) 126 the prevalence of asymptomatic VL cases and (2) the degree of under-reporting in each of 127 the districts of Bihar for which we have data, and because little is known about the sandfly 128 population in this region, we chose to omit the vector dynamics and model transmission as a 129 directly transmitted, rather than vector-borne disease. 
Data Sources
131
Population Data
132
Population data from all 38 districts are obtained, however, because VL has been consis-133 tently shown in 21 districts which have high prevalence, the focus in this study is on the 21 134 districts. Data on population density, population size in rural and urban areas, and number 135 of public health medical facilities in each of the 21 districts are generated from the 2001 and 136 2011 census [5] , under the assumptions that the population of each district increases at an 137 annual rate of 2.1% as reported in the Census. Additionally, socio-economic data are also 138 collected from Census of India, through the Bihar state government website. The incidence data are illustrated in Fig 2 for • is given by λ(t) = β(I + A)/N , so that the incidence is λ(t)S. Number of asymptomatic humans at time t I(t)
Model Description
Number of symptomatic humans at time t R(t)
Number of recovered humans at time t C(t)
Cumulative number of infected humans from time 0 to t N (t) Total human population size at time t Flowchart of disease dynamics. The state variable C(t) is used to fit to the cumulative incidence data. 
Model mathematical analysis
210
Using the Next Generation Approach [18] , we determine that the basic reproduction number is
.
The disease-free equilibrium and endemic equilibrium are E0 and E1, respectively, where may persist even when R0 < 1 and much higher efforts to control disease will be needed. To 217 ascertain whether VL can be eliminated from a district, we will calculate R0 and α for each 218 district.
219
Remark: If R0 > 1, the disease is endemic in that district. If R0 < 1 and α < 0, then 220 VL is moving towards elimination in that district. On the other hand, if R0 < 1 and α > 221 0, we do not have enough information to conclude whether or not VL is moving towards 222 elimination in that district.
223
Remark: The mathematical expression representing endemic asymptomatic and symptomatic (clinical) prevalences are given by
3. We first fit the cumulative incidence C(t, θ) from the model to the cumulative monthly High degree uncertainty is observed in the monthly reported cases as compared to an-nual incidence data (see Figure 2 ) whereas annual data may change significantly due to 231 changes in social and environmental factors. Hence, we used both the data sets (monthly 232 and annual) to estimate key model parameters and show the differences in our estimates. rected by the patient itself using self knowledge or instinct. will be used to confirm that high levels of self healing induce higher chances of an epidemic. given the major social and economic inequalities that continue to underpin transmission in 325 endemic countries such as India.
326
We developed a dynamic transmission model for anthroponotic Visceral Leishmaniasis in 327 conclude model results [20] . Hence, we used both the data sets (monthly and annual) to 344 estimate key model parameters.
345
In our estimation process we form a nonlinear optimization problem using least square 346 metric, incidence data set and our dynamic model. 5 Appendix
Model
The System of the model is given as: 
Mathematical computation
Using the Next Generation Approach [18] , we determine that the basic reproduction number is R0 = β α + η + µ + αβ (α + η + µ)(δ + γ + µ)
. The disease-free equilibrium and endemic equilibrium are E0 = (S0 = Λ/µ, A0 = 0, I0 = 0, R0 = 0) and E1 = (S1, A1, I1, R1), respectively, where S1, A1, I1, and R1 are defined below. S1 = Λ(δ(η + µ) + (α + η + µ)(γ + µ)) µ(α(β − δ) + β(δ + γ + µ))
A1 = Λ(−(β − η − µ)(δ + γ + µ) + α(−β + δ + γ + µ)) (α + η + µ)(α(β − δ) + β(δ + γ + µ))
I1 = αΛ(−(β − η − µ)(δ + γ + µ) + α(−β + δ + γ + µ)) (α + η + µ)(δ + γ + µ)(α(−β + δ) − β(δ + γ + µ)) (10) R1 = − (Λ(δη + αγ + η(γ + µ))(−(β − η − µ)(δ + γ + µ) + α(−β + δ + γ + µ)) µ(α + η + µ)(δ + γ + µ)(α(β − δ) + β(δ + γ + µ)))
Following the approach in [2] , we find that whether or not a backward bifurcation occurs at R0 = 1 depends on the sign of a, where a = − 4αβ(α + η + µ)(β(η − γ) + (α + η + µ)(γ + µ)) Λ(α − β + η + µ) 3 ) .
That is, if a < 0, then the system exhibits a forward bifurcation at R0 = 1 and therefore, the disease-free equilibrium is the only equilibrium when R0 < 1. However, if a > 0, then there is a locally asymptotically stable sub threshold endemic equilibrium (i.e. a backward bifurcation); that is, VL may persist even when R0 < 1. To ascertain whether VL can be eliminated from a district, we will calculate R0 and a for each district. If R0 > 1, the disease is endemic in that district. If R0 < 1 and a < 0, then VL is moving towards elimination in that district. On the other hand, if R0 < 1 and a > 0, we do not have enough information to conclude whether or not VL is moving towards elimination in that district. 
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